ABSTRACT-The insectivore and marsupial assemblage from the Banovi ci Basin (MP30/MN1, Bosnia and Herzegovina) provides, in addition to the Rodentia, a better understanding of the faunal exchange between Europe and Anatolia and the biostratigraphic, paleoecological, and paleobiogeographic interpretations of the area. The small and rather poorly preserved collection of fossil remains of insectivores and marsupials from Banovi ci includes three genera of Talpidae, three genera of Soricidae, one genus of Erinaceidae, one genus of Heterosoricidae, and one marsupial. At the genus level, this assemblage is a mix of genera known from the late Oligocene-early Miocene of Europe (MP29-MN3) and Anatolia (»MP30-MN3). The presence of the talpids Suleimania aff. ruemkae and Desmanodon aff. ziegleri indicates an age within the Oligocene/Miocene boundary interval (MP30/MN1), which is consonant with the age estimate based on the rodents and magnetostratigraphy. The diversity of Soricidae and the presence of Geotrypus indicate that the Banovi ci biotope was rather warm and humid during the late Oligocene.
INTRODUCTION
The small-mammal fauna of Banovi ci from the late Oligocene of Bosnia and Herzegovina provides new information on the dynamics of mammal migrations between western Europe and Anatolia (De Leeuw et al., 2011; De Bruijn et al., 2013) . The similarity between the rodent assemblage from Bosnia and Herzegovina and assemblages from Anatolia and western Europe indicates a selective and restricted faunal exchange between Anatolia and western Europe during the late Oligocene. The rodent assemblage is best compared with localities attributed to the European MP30/MN1 small-mammal zones (De Bruijn et al., 2013) . The magnetostratigraphic pattern of the section correlates to the C6Cr-C6Cn.2n interval of the GTS (Geological Time Scale), which indicates an age of around 24 Ma for the Banovi ci Basin infill (De Leeuw et al., 2011) .
Insectivores from the late Oligocene and early Miocene are well documented from many localities in Europe, and about 10 insectivore assemblages from late Oligocene-early Miocene localities are known from Anatolia ( Van den Hoek Ostende, 1992 , 1995a , 1995b , 1997 , 2001a , 2001b , 2001c . However, in the area between Europe and Anatolia, only one late Oligocene insectivore assemblage and a few early Miocene insectivore assemblages from Greece have been described thus far (Doukas, 1986; Doukas and Theocharopoulos, 1999; Vasileiadou and Koufos, 2005; Doukas and Van den Hoek Ostende, 2006; Vasileiadou and Zouros, 2012) . In the Banovi ci small-mammal assemblage, a few marsupial specimens are also present. Marsupials, common in Europe until the late Oligocene, disappear during the middle Miocene (Ziegler, 1999) . They are not known from the Oligocene and early Miocene of southeastern Europe and Anatolia. Therefore, the insectivores and marsupials from this locality in the Balkan region can help us to gain a better understanding of the faunal exchange between Anatolia and Europe during the late Oligocene-early Miocene.
The insectivore and the marsupial materials from Banovi ci are described here in detail, and the biostratigraphic and paleobiogeographic implications and paleoecological interpretation are discussed. The diversity of insectivores, especially shrews, seems to be related to humidity (Reumer, 1984; Furi o et al., 2011) .
Abbreviations-BAN, specimens from the Banovi ci locality in Bosnia and Herzegovina, housed in the Natural History Museum in Belgradespecimens from the Banovi ci locality in Bosnia and Herzegovina, housed in the Natural History Museum in Belgrade, Serbia; dex, dextral ; Isup, upper incisor; L, length; LL, length lingual side; LT, length talon; N, number of specimens; R, range of measurements; sin, sinistral; W, width; WA, width anterior; WP, width posterior; WTa, width talonid; WTr, width tigonid.
GEOLOGY
The Dinarides emerged from the Tethys Sea in the late Eocene to early Oligocene, and within the Dinarides intramontane basins were formed (De Leeuw et al., 2011) . One of these basins is the Banovi ci Basin, which is situated in the northwestern part of Bosnia and Herzegovina (Fig. 1) . The Banovi ci Basin is filled with 320 m of Oligocene to Miocene lacustrine sediments. The fossiliferous layer, a greenish clay that contains very thin layers of lignite, is situated just below the main coal seam in the Turija opencast mine near Banovi ci (De Bruijn et al., 2013) . The geological setting of the Banovi ci Basin, with emphasis on the regional stratigraphic and regional paleogeographic development of the basin infill, has been described in detail in De Leeuw et al. (2011) .
MATERIALS AND METHODS
In total, 133 insectivore and marsupial jaw fragments, isolated teeth, and a humerus present in the Banovi ci fossil assemblage were identifiable to the family level, and 84 of these could be assigned more specifically. Not included in the descriptions are 49 dental elements, comprising fragments of molars, as well as some incisors and antemolars: 35 Talpidae, gen. et sp. indet., 11 Soricidae, gen. et sp. indet., and three Heterosoricidae, gen. et sp. indet.
The dimensions of the humerus of Desmanodon ziegleri from Harami (Turkey) are taken from Van den Hoek Ostende (1997: pl. 3). The measurements of the cheek teeth were taken with an Orthoplan (Leitz) microscope with a precision of 0.01 mm. All teeth are figured as left ones to facilitate comparison. Lower and upper dentitions are indicated with lower-and uppercase letters, respectively. The collection is housed in the Natural History Museum in Belgrade, Serbia.
The measurement method follows Crochet (1980) for the marsupials, R€ umke (1985) and Van den Hoek Ostende (1989) for the Talpidae, and Reumer (1984) for the Soricidae and Heterosoricidae. For the terminology of the molars, we follow Crochet (1980) , Reumer (1984) , and Van den Hoek Ostende (1989) except for the oblique crest and entoconid crest, which here are called oblique cristid and entocristid, following Van den Hoek Ostende (2001b) . Terminology of the humerus follows Hutchison (1974) .
All measurements are in millimeters (mm). Molars from the right side of a jaw are indicated with 'dex' (dextral) and those from the left with 'sin' (sinistral). Measurements of the specimens are given as L £ W, unless otherwise indicated.
Only species occurring in the late Oligocene and early Miocene of Europe and western Asia are mentioned in the systematic part, in the included species and occurrences, of this paper.
The percentages of all the dental elements of Talpidae, Soricidae, Heterosoricidae, and Erinaceidae that are identified to family level only are also included in the faunal comparison.
SYSTEMATIC PALEONTOLOGY
Class MAMMALIA Linnaeus, 1758 Subclass THERIA Parker and Haswell, 1897 Infraclass METATHERIA Huxley, 1880 Family HERPETOTHERIIDAE Trouessart, 1879 Genus AMPHIPERATHERIUM Filhol, 1879
Type Species-Amphiperatherium frequens (Von Meyer, 1946) . Other Included Species-Amphiperatherium exile (Gervais, 1848-52) .
Occurrences-Amphiperatherium frequens in early Miocene localities in Germany and France (Von Koenigswald, 1970; Crochet, 1980; Ziegler, 1990b; Klietmann et al., 2014) .
Amphiperatherium exile (Gervais, 1848-52) in the early Oligocene (Crochet, 1980) and in many assemblages from the late Oligocene of France, e.g., Cournon, Pech du Fraysse, Coderet (Crochet, 1980) , and Germany, e.g., Gaimersheim, Ehrenstein 4, Eggingen-Mittelhart 1, Herrlingen 8 and 9, Oberleitersbach (Von Koenigswald, 1970; Ziegler, 1990b Ziegler, , 1998 Engesser and Storch, 2008) .
Locality-Banovi ci, Bosnia and Herzegovina. Material-BAN752, mandible fragment dex, m1 (2.06 £ 1.06), m2 (2.17 £ 1.25), and m3 (2.20 £ 2.17); BAN753, m2 or 3 dex (»2.08 £ 1.35); BAN754, m2 or 3 sin (2.23 £ 1.35); BAN755, m2 or 3 sin (2.14 £ 1.30); BAN756, m2 or 3 sin (»2.20 £ 1.21).
Description-The molars are very much alike in morphology and size. The m1 in the jaw fragment is slightly shorter and less wide than all other molars. The trigonid is taller and slightly larger than the talonid. On the trigonid, the protoconid is the tallest cusp, the metaconid is slightly lower, and the paraconid is the lowest cusp. The paraconid and the metaconid are rounded cones; the protoconid is triangular. The paraconid and metaconid are not connected. A distal metacristid is present on the posterolabial side of the metaconid and connects to the anterior base of the entoconid. The hypoconid and entoconid are of about the same height; the hypoconulid is lower. The hypoconulid and the triangular hypoconid are connected by the postcristid. The entoconid, isolated the from metaconid and hypoconulid, is oval. The cristid obliqua is distinct and not buccally oriented. The position of the hypoconulid is posterolabial to the entoconid. The anterior cingulum, as well as the posterior cingulum, is well developed.
Discussion-The molars have a prominent talonid with an oval entoconid, a strong postcristid with the hypoconulid on the posterolabial side of the entoconid, and a strong posterior cingulum. These are all characteristics of Amphiperatherium exile (Gervais, 1848-52) . Our tentative specific allocation is due to the absence of upper molars, which are also important in differentiating between species of Amphiperatherium.
Infraclass EUTHERIA Gill, 1872 Order EULIPOTYPHLA Waddell, Okada, and Hasegawa, 1999 Family ERINACEIDAE Fischer, 1814 Subfamily ERINACEINAE Gill, 1872 ERINACEINAE, gen. et sp. indet. (Fig. 3) Locality-Banovi ci, Bosnia and Herzegovina. Material-BAN721, m3 sin (2.31 £ 1.85). Description-The complete m3 consists of the trigonid only. The cingulum is pronounced on the labial and posterior sides. The protoconid and metaconid are of the same height. The welldeveloped paralophid connects the protoconid and paraconid. The paraconid is small compared with the protoconid and metaconid. The roots are fused. FIGURE 2. Amphiperatherium cf. exile. A, BAN753, m2 or 3 dex (reversed image); B, BAN755, m2 or 3 sin; C, BAN754, m2 or 3 sin; D, BAN756, m2 or 3 sin; E, BAN752, m1 dex part of the jaw in occlusal view (reversed image); F, BAN752, m1 dex part of the jaw (F1) in labial view (reversed image); G, BAN752, dextral jaw fragment with roots of m1, m2, and m3 in occlusal view (reversed image); H, BAN752, dextral jaw fragment with area of m1, m2, and m3 in labial view (reversed image). Van der Sar et al.-Oligocene mammals from Bosnia and Herzegovina (e1368529-3) Discussion-The morphology, and the presence of one root, of this m3 from Banovi ci is very similar to that of m3 of Amphechinus arvernensis and A. robustus. The size of the Banovi ci m3 is within the range of the m3 of Amphechinus robustus (MP29, Herrlingen 9; Ziegler, 1998 Description-The outline of the occlusal surface of the P4 is subtriangular. The paracone is very large and tall; the tip of the paracone is at the anterior side. The parastyle, small and low, is situated anterior to the paracone. The posterocrista is slightly curved; it bends off to the lingual side in the posterolingual corner and continues into the posterior lingual cingulum that connects to the ridge-like protocone. An anterior cingulum connects the parastyle to the protocone; however, it is narrow lingual to the paracone. Van den Hoek Ostende (1989) distinguished morphotypes of the P4 in Desmanodon and Paratalpa; the morphology of the Banovi ci P4 resembles morphotype B, except for the anterior ridge, which resembles morphotype C.
The outline of the occlusal surface of the M1 is subtriangular. The metacone is the largest and tallest cusp. The posterior arm of the metacone is about twice the length of its anterior arm. The mesostyle cusps are not completely separated. The paracone is remarkably smaller than the metacone, and taller than the protocone. The anterior arm of the protocone is shorter than the posterior arm. The anterior arm ends at the protoconule, which is situated at the base of the paracone. The posterior arm connects to the small, distinct hypocone at the base of the metacone. The posterior arm of the hypocone connects to the posterior cingulum. The posterior cingulum becomes broader towards the labial side, and the metastyle is at the labialmost side of the posterior cingulum. There is a weak labial cingulum. The parastyle is next to the paracone at the anterolabial corner of the molar.
Both M2 have damaged parastyles and metastyles. The outline of the occlusal surface is subtriangular. The posterior arm of the metacone is partly broken off; its anterior arm bends slightly and continues in the mesostyle. The mesostyle cusps are not completely separated. The paracone is somewhat lower than the metacone; the tip of its anterior arm (the parastyle) is broken off, and its posterior arm bends slightly and connects to the mesostyle. The height of the protocone is about the same as that of the paracone, and the protocone lies more to the anterior side. The small protoconule lies at the anterior side of the protocone. The posterior arm of the protocone connects to the small, but distinct, hypocone, which lies at the base of the metacone. The posterior arm of the hypocone continues into a posterior cingulum. The M2 has three roots. Discussion-The specimens described above are somewhat smaller than the Desmanodon antiquus specimens from Germany and from the Greek locality Karydi a (Ziegler, 1985; Doukas and Van den Hoek Ostende, 2006) and somewhat larger than specimens from Aliveri (Ziegler, 1985; Doukas, 1986) . The specimens of Desmanodon from Banovi ci are of roughly the same size as, or are smaller than, specimens of Desmanodon ziegleri (Van den Hoek Ostende, 1997). The P4 is less wide than in all known species. The Desmanodon specimens from Banovi ci have a protoconule in the M1 as well as in the M2, which is typical for D. ziegleri. The mesostyle, especially in M2, is less divided than in D. ziegleri (with about half of the specimens with incompletely separated mesostyle). The L/W ratio between the dental elements differs from D. ziegleri. The specimens are placed in D. aff. ziegleri because of the narrower P4 and the difference in L/ W ratio between the dental elements.
DESMANODON sp.
( Fig. 4D) Locality-Banovi ci, Bosnia and Herzegovina. Material-BAN720, dextral humerus with shaft breadth of 4.48 mm and length >11.3 mm.
Description-Some parts of the proximal and distal ends of the humerus are broken off; the top of the pectoral process is damaged, and the caput, the entepicondyle, and the capitulum are missing. However, the long prominent teres tubercle, which is typical for the genus Desmanodon, is present. The pectoral process stands out in anterior view, and it is, as far as it is undamaged, surrounded by a weak ridge. The humerus is quite large; even incomplete it has a shaft breadth of about 4.5 mm and is more than 11 mm in length.
Discussion-Paratalpa Lavocat, 1951, and Desmanodon Engesser, 1980 , differ in their humeri; their dental elements are very similar (Van den Hoek Ostende, 1997). The presence of a humerus in our collection that is more typical for Desmanodon than for Paratalpa, made us decide to allocate the teeth from Banovi ci to Desmanodon.
The humerus of Desmanodon sp. is more robust and much longer and wider than other species of Desmanodon (all with a shaft breadth between 2 and 2.9 mm and a length between 9 and 11 mm; Engesser, 1980; Van den Hoek Ostende, 1997; Prieto, 2010; Prieto et al., 2010) .
The humerus of Desmanodon sp. is too large for all known Desmanodon species, and Desmanodon sp. most probably represents a new species.
Subfamily TALPINAE Fischer, 1814
Tribe TALPINI Fischer, 1814 Genus GEOTRYPUS Pomel, 1848
Type Species-Geotrypus antiquus (Blainville, 1839) . The holotype of Geotrypus acutidens is lost, and Geotrypus antiquus becomes the type species of this genus (Schwermann and Martin, 2012 (Schwermann and Martin, 2012) .
Locality-Banovi ci, Bosnia and Herzegovina.
Description-The occlusal surface of the M3 is subtriangular. The paracone is the tallest cusp. The anterior arm of the paracone is longer than its posterior arm. The anterior arm curves near the parastyle; the posterior arm connects to the mesostyle. The mesostyle, damaged in two specimens, is only very slightly interrupted. The metacone is somewhat taller than the protocone in one specimen; in the other two, the metacone and protocone are of about the same height. The protocone lies to the anterior side of the molar. The anterior arm of the protocone ends at the base of the paracone; the posterior arm ends at the base of the metacone. Cingula are absent.
Discussion-The presence of only M3 specimens of Geotrypus hampers identification, because characteristics such as the morphology of the M2 (e.g., development of the anterior cingulum) and the presence of P2 are essential for determining Geotrypus at the species level. The M3 are smaller than the M3 of G. antiquus and G. ehrensteinensis from Ehrenstein. They are of about the same size as the M3 of Geotrypus sp. from EggingenMittelhart and G. haramiensis from Anatolia. The poorly divided mesostyle differentiates this tooth from the other species.
Subfamily SULEIMANINAE Van den Hoek Ostende, 2001a
Genus SULEIMANIA Van den Hoek Ostende, 2001a
Type Species-Suleimania ruemkae Van den Hoek Ostende, 2001a.
Occurrences-Suleimania ruemkae in the early Miocene of Anatolia (Kilçak 0", 0, 3 A, 3B, Harami 1, 2, 3, Kesek€ oy; Van den Hoek Ostende, 2001a) .
Locality-Banovi ci, Bosnia and Herzegovina. Material-BAN601-603, six P4; BAN604-606, three P4; BAN607-609, three M1; BAN610-614, five M1; BAN615 and BAN616, two M2; BAN617, an M2; BAN620 and BAN621, two m1; BAN618 and BAN619, two m1; BAN625 and BAN626, two m2; BAN627-633, seven m3; BAN634, an m3. Thirty-one isolated specimens in total ( Fig. 5 ; Table 1) .
Description-The outline of the occlusal surface of the P4 is an irregular ellipse. The P4 consists mainly of a very large paracone. The highest point of the paracone is in the middle or more to the anterior side of the tooth. The parastyle is well developed. The posterocrista extends in a straight line from the tip of the paracone to the posterior part of the tooth. A strong cingulum connects the top of the paracone with the posterior part of the molar. In some specimens, the anterior lingual cingulum is absent; in others, it is complete along the whole lingual side. The P4 has four roots.
The outline of the occlusal surface of the M1 is irregular. The metacone is the tallest cusp. The metastyle is, in varying degrees, damaged in all specimens; in most M1, its posterior arm is Van der Sar et al.-Oligocene mammals from Bosnia and Herzegovina (e1368529-5) somewhat longer than the anterior arm. The two mesostyle cusps are distinctly separated. The paracone is clearly smaller than the metacone and is of about the same height as the protocone. The parastyle is small. The anterior arm of the protocone connects to the protoconule and the posterior arm to the hypocone, which is more developed than the protoconule. The posterior arm of the hypocone ends against the posterior side of the metacone; the anterior arm ends at the base of the metacone. There are no cingula. The M1 has three roots.
The outline of the occlusal surface of the M2 is irregular. A cingulum is absent. The large paracone and metacone are of the same height. The anterior arm of the metacone is clearly longer than its posterior arm. The posterior and anterior arms of the paracone are of roughly the same length. The two mesostyle cusps are distinctly separated. The protocone is the main cusp on the lingual part. The anterior arm of the protocone connects to a very small protoconule at the base of the paracone. The posterior arm ends against the small hypocone. The M2 has three roots.
The outline of the occlusal surface of the m1 is an elongated triangle. The talonid is wider and longer than the trigonid. The protoconid is connected to the paraconid and metaconid by ridges. The protoconid is the tallest cusp of the m1. The paraconid is smaller than the metaconid; the latter is of about the same height as the entoconid. Posterior to the entoconid, a small, but distinct, entostylid is present. The entoconid is connected to the hypoconid by a ridge. The hypoconid is the largest cusp of the talonid. The oblique cristid ends close to the protoconid. In four of the seven specimens, an anterior cingulum is present. The m1 has two large roots.
The outline of the occlusal surface of the m2 is subrectangular. The talonid is narrower than the trigonid. The protoconid is the tallest cusp of the m2. The sharp anterior arm of the protoconid connects to the paraconid. The posterior arm of the protoconid connects to the metaconid, which is somewhat taller than the paraconid. The anterior cingulum is broader on the lingual side than on the labial side. On the lingual side of the anterior cingulum the parastylid lies in front of the paraconid. The hypoconid and entoconid are of about the same height and both are lower than the metaconid. The oblique cristid ends at the middle of the ridge between the metaconid and protoconid. The entostylid is small. The m2 has two large roots.
The outline of the occlusal surface of the m3 is subrectangular. The m3 consists of the trigonid only and has a strong anterior cingulum. The protoconid is the tallest cusp. The anterior arm of the protoconid is connected to the paraconid, and its posterior arm to the metaconid. The metaconid is lower than the paraconid. The anterior arm of the protoconid is longer than its posterior arm. The m3 has one root.
Discussion-Suleimania is a dimylid-like, large-sized talpid with only one species, Suleimania ruemkae, which is known from early Miocene Anatolian assemblages (Van den Hoek Ostende, FIGURE 5. Suleimania aff. ruemkae. A, BAN619, m1 sin; B, BAN625, m2 sin; C, BAN632, m3 sin; D, BAN602, P4 sin; E, BAN609, M1 sin; F, BAN615, M2 sin. The M1 are only slightly damaged on their posterolingual part.
Van der Sar et al.-Oligocene mammals from Bosnia and Herzegovina (e1368529-6) 2001a). The P4, M2, m1, and m2 from Banovi ci are in the same size range as the molars from Suleimania ruemkae from Anatolia (Table 2) , whereas the M1 and the m3 are smaller. The paracone and metacone of the M2 from Banovi ci are of the same height and size, whereas the paracone of the M2 is larger and higher than the metacone in Suleimania ruemkae. In some specimens of Suleimania aff. ruemkae, the anterior part of the lingual cingulum of P4 is absent; in others, it is present along the whole lingual side; this is in contrast to Suleimania ruemkae where only a short posterolingual cingulum is present in the P4. Considering these differences, we assign the material from Banovi ci to Suleimania aff. ruemkae.
Family SORICIDAE Fischer, 1814
The Soricidae are divided into the subfamilies Allosoriinae, Crocidosoricinae, Crocidurinae, Limnoecinae, and Soricinae by Reumer (1987) , a classification used in this paper; however, there has been much debate on the validity of the subfamily Crocidosoricinae and on the synonymy of Crocidosorex and Oligosorex (Reumer, 1987 (Reumer, , 1994 . Oligosorex was generally considered to be a junior synonym of Crocidosorex. Based on a literature review by Van den Hoek Ostende (2001b) , the genera Crocidosorex and Oligosorex are maintained as separate genera.
The Soricidae fossils from Banovi ci are mainly isolated molars and a few pieces of mandibles without alveoli or antemolars. The number of antemolars and the morphology of the p4 are crucial in identifying Soricidae at the species and even subfamily level. The classification of the Banovi ci soricids is tentative because the determination is based on the morphology of the molars only.
Subfamily CROCIDOSORICINAE Reumer, 1987 ?CROCIDOSOREX sp. Lavocat, 1951 ( Description-The occlusal surface of the m2 is subrectangular. The talonid is broader than the trigonid. The protoconid is the tallest cusp. The anterior arm of the protoconid is longer than its posterior arm; however, the difference in length is less than in ?Srinitium sp. and in the Oligosorex specimens from Banovi ci. The oblique cristid ends at the middle of the protoconid-metaconid crest. The entoconid is a distinct cusp and fused to the entocristid.
The hypolophid is not connected to the entoconid. There are strong anterior and posterior cingula; the labial cingulum is absent.
The occlusal surface of the m3 is subrectangular. The talonid is strongly reduced. The protoconid is the tallest cusp in this molar. The oblique cristid ends at the middle of the protoconid-metaconid crest. The oblique cristid, hypoconid, hypolophid, entoconid, and entocristid form one ridge encircling the talonid basin. The anterior cingulum is strong, and the labial cingulum is almost absent.
Discussion-The absence of the labial cingulum is a prominent character only seen in Crocidosorex (Hugueney and Maridet, 2011) . The well-developed entoconid is a characteristic for Crocidosorex also. The length of the m2 is about the same as in Crocidosorex piveteaui Lavocat, 1951 (Crochet, 1975 , but the width is much smaller. The m3 is smaller than the m3 of Crocidosorex piveteaui. Because of the absence of a complete labial cingulum in the m2, but lack of information on the other dental elements, we assign this mandible fragment to ?Crocidosorex sp. Crocidosorex occurs in late Oligocene and early Miocene assemblages from Germany, France, Switzerland, and Spain (Werner, 1994; Ziegler, 1998; Fortelius, 2003 ?SRINITIUM sp.
( Fig. 6C-I) Locality-Banovi ci, Bosnia and Herzegovina. Material-BAN681-684, four Is; BAN687-690, four m1; BAN691-694, four m2; BAN685, a P4; BAN686 and BAN703, two M1. Fifteen isolated specimens, of which 10 are complete ( Fig. 6B-F ; Table 3 ).
Description-The upper incisor is large. The labial cingulum is slightly curved and strong, becoming less strong towards the anterior side. The angle between the apex and talon is sharp. The apex is slightly more pointed than the talon. The apex and talon reach downwards to about the same level.
The anterolingual side of the hypoconal flange of the P4 is damaged. The hypoconal flange of the P4 reaches far to the posterior side. The tip of the paracone lies in front of the middle of the P4. The posterocrista connects the top of the paracone to the posterior edge and is slightly bent. The distinct parastyle is connected to the small protocone by a short, curved anterior arm of the protocone. The protocone lies posterolingual to the top of the paracone. The posterior arm of the protocone is very short and curves posteriorly. The undamaged part of the hypoconal flange has a thick ridge at the posterolingual corner, which becomes very narrow to the posterior side and continues into a well-developed cingulum along the lingual side of the paracone.
The posterolingual sides of both M1 are damaged and missing (part of) the hypoconal flange. The metacone is the largest and highest cusp of the M1. The posterior arm of the metacone is longer than its posterior arm; the same applies to the arms of the paracone. The mesostyle is undivided. In one of the two M1, a thin cingulum is present on the labial edge. A strong cingulum connects the metastyle to the lingual edge in both M1. The anterior arm of the protocone ends at the anterior flank of the paracone. The metaloph ends just in front of the metacone. A cingulum is present on the lingual edge of the protocone. Van der Sar et al.
-Oligocene mammals from Bosnia and Herzegovina (e1368529-7)
The m1 occlusal surface is subrectangular. The talonid is slightly broader than the trigonid. The protoconid is the tallest cusp of the m1, with a longer anterior than posterior arm. The anterior arm connects to the paraconid, and the posterior arm connects to the slightly lower metaconid. The oblique cristid is short. The well-developed entoconid is fused to the entocristid. The hypolophid is behind the entoconid, forming a small valley between the entostylid and the entoconid and continues along the posterior side until the hypoconid. The well-developed anterior cingulum continues into the labial cingulum, which continues into the posterior cingulum. A cingulum is also present at the lingual side, but is much thinner.
The m2 resembles the m1 closely, but there are some differences: The distance between the metaconid and protoconid in the m2 is somewhat larger than in the m1. This results in a somewhat broader trigonid than in the m1. The talonid and trigonid are of equal width or differ only slightly. The protoconid is the tallest cusp of the m2, but the difference in height from the other cusps is less than in the m1.
Discussion-The measurements of ?Srinitium sp. from Banovi ci fall within or near the range of many species, such as Srinitium caeruleum Ziegler, 1998, Ulmensia ehrensteinensis Ziegler, 1989, Ulmensia antecedens Ziegler, 1998, Soricella discrepans Doben-Florin, 1964, and species of Carposorex Crochet, 1975 . The specimens resemble Srinitium caeruleum closest in size (Tables 4 and 5 ). The ?Srinitium sp. specimens from Banovi ci are larger than specimens of both Claposorex Crochet, 1975, and Oligosorex Kretzoi, 1959 (including the Oligosorex species from Anatolia; Van den Hoek Ostende, 2001c).
The typical characteristics, such as the fused entoconid and hypoconid of Soricella discrepans and the wrinkled enamel of Carposorex, are absent in the ?Srinitium sp. specimens. Differences between Srinitium and Ulmensia are the presence in Srinitium of a higher number of antemolars, the less anteriorly positioned foramen mentale, the stronger labial cingulum, and the presence of a lingual cingulum in the lower molars. In the assemblage of Banovi ci, mandibles and antemolars are absent. Therefore, it is not possible to assign these specimens with OLIGOSOREX sp. 1 (Fig. 7) Locality-Banovi ci, Bosnia and Herzegovina. Material-BAN672, maxilla dextral fragment with P3 and P4; BAN678, mandible fragment with p4 and m1; BAN679, mandible fragment with part of m1 and m2. Seven isolated teeth: BAN671 and BAN673, two P4; BAN674-677, four M1; BAN680, an m2 ( Fig. 7; Table 6 ).
Description-The outline of the occlusal surface of the P4 is triangular. The tip of the paracone lies in the anterior part of the P4. The posterocrista is slightly curved; it extends from the tip of the paracone backwards. The parastyle lies in front of the paracone, and there is no parastylar crest. The protocone is small, but distinct. Its anterior arm is connected to the parastyle, whereas its posterior arm continues in a ridge bordering the hypoconal flange on the lingual side. There is no hypocone. The ridge on the posterior side of the hypoconal flange continues into a welldeveloped lingual cingulum along the paracone, which becomes broader towards the end.
The posterolingual sides of all M1 are damaged. The metacone is the largest cusp of the M1. Its posterior arm is longer than its anterior arm, which connects to the undivided mesostyle. The paracone is much lower than the metacone; its anterior arm is somewhat shorter than its posterior arm. The protocone is larger than the paracone. The anterior arm of the protocone ends at the base of the paracone. The metaloph is of about the same length as the anterior arm of the protocone and ends freely in front of the base of the metacone. The hypocone is a small cone. There is a ridge from the hypocone in the posterior direction along the hypoconal flange.
The outline of the p4 is a tetrahedron, with a 'Y'-shaped wear surface. The occlusal surface is triangular, with a pointed anterior side and a straight or slightly curved posterior side. On the posterior, labial and lingual sides, a cingulum extends around the premolar. The main cusp of the p4, the protoconid, lies at the anterior side of the tooth. The posterocristid is divided into two arms of about equal length, forming the 'Y'-shaped wear surface.
The occlusal surface of the m1 is subrectangular. The talonid is broader than the trigonid. The lengths of the trigonid and talonid are about the same. The protoconid is the tallest cusp; its long anterior arm connects to the paraconid, and its short posterior arm connects to the metaconid. The oblique cristid ends at about one third of the protoconid-metaconid crest. The entoconid is small, but distinct, and is fused to the entocristid. The hypolophid extends from the entoconid along the posterior side of the molar. The m1 has a well-developed cingulum on its anterior and posterior sides. Along the labial side, a thin cingulum is present that is thinner and not as curved as the labial cingulum of Oligosorex sp. 2.
The m2 resembles the m1 closely, but there are some differences: the distance between the protoconid and metaconid is somewhat greater than in the m1. The trigonid is broader than in the m1, but it is still narrower than the talonid. The oblique cristid ends in some specimens more to the middle of the protoconidmetaconid crest; in other specimens, it ends at one third of the crest, resembling the m1. The protoconid is the tallest cusp in the m2; however, the difference in height with the other cusps is less than in the m1.
Discussion-The arms of the 'Y'-shaped wear surface of p4 are of equal length, which is typical for Crocidosoricinae. The size of the m1 and m2 of Oligosorex sp. 1 from Banovi ci are in the range of of O. antiquus from Limagne and O. aff. reumeri from Anatolia (Hugueney and Maridet, 2011; Van den Hoek Ostende, 2001b ; Table 7 ). The morphological difference between these species is the presence of the labial cingulum, as in O. reumeri, or absence, as in O. antiquus, or variations in its continuity as in O. aff. reumeri. The labial cingulum in the lower molars of Oligosorex sp. 1 is present and uninterrupted. Because of the small number of specimens, we refrain from assigning it to one of the formal species.
OLIGOSOREX sp. 2 (Fig. 8) Locality-Banovi ci, Bosnia and Herzegovina. Material-BAN695, mandible sin fragment with p4 and m1; BAN696, mandible sin fragment with m1 and m2; BAN697, isolated m2 sin ( Fig. 8; Table 8 ).
Description-The occlusal surface of the p4 is triangular; the anterior side is pointed, and the posterior side is slightly curved. The p4 has a 'Y'-shaped wear surface. The strong cingulum on TABLE 4. Ranges of length and width (in mm) of Srinitium caeruleum from Herrlingen 8, Germany (Ziegler, 1998b Van der Sar et al.-Oligocene mammals from Bosnia and Herzegovina (e1368529-9) the posterior side of the premolar has a small cusplet in its central part. On the labial and lingual sides, a cingulum is present as well. The posterocristid is divided into two arms forming the 'Y'-shaped wear surface, of which the labial and lingual arms are of equal length. The occlusal surface of the m1 is subrectangular. The talonid is broader than the trigonid. The protoconid is the largest and tallest cusp; its anterior arm is much longer than its posterior arm. The oblique cristid ends at about a third of the protoconid-metaconid crest. In one m1, the entoconid and cristid are damaged. In the other, the entoconid is small, but distinct, and fused to the entocristid. The hypolophid forms a small valley between the entoconid and entostylid. The welldeveloped posterior cingulum continues into a broad labial cingulum, which is continuous and curved at the base of the protoconid. The anterior cingulum of the m1 is also well developed.
The m2 resembles the m1 closely. However, there are some differences: The distance between the metaconid and the protoconid is somewhat greater than in the m1. The trigonid is somewhat broader than in the m1. The widths of the trigonid and talonid are about the same. The oblique cristid ends somewhat more to the middle of the protoconid-metaconid crest than in the m1. The labial cingulum is slightly less curved than in the m1.
Discussion-Oligosorex sp. 2 has a typical Crocidosoricinae 'Y'-shaped wear surface on the p4. It differs from Oligosorex sp. 1 from Banovi ci in having a narrower p4, a small cusplet in the middle of the posterior cingulum in the p4, and in having larger molars. The presence of the cusplet on the posterior cingulum in the p4 and its size are similar to the conditions in Oligosorex aff. reumeri from Anatolia. However, it differs from that species in the presence of a strong continuous labial cingulum. Therefore, we assign these specimens to Oligosorex sp. 2.
Family HETEROSORICIDAE Viret and Zapfe, 1951 The Heterosoricidae used to be considered a subfamily; however, Reumer (1987) raised the group to family level, based on the hypothesis that the Heterosoricidae and the Soricidae originated separately from the Nycteriidae. The Heterosoricidae are FIGURE 7. Oligosorex sp. 1. A, BAN678, lower jaw fragment sin with p4 and m1; B, BAN678, labial view; C, BAN679, lower jaw fragment sin; D, BAN679, labial view; E, BAN672, upper jaw fragment sin with p3 and p4; F, BAN675, M1 dex (reversed image). Engesser, 1975) .
HETEROSORICIDAE, gen. et sp. indet. (Fig. 9) Locality-Banovi ci, Bosnia and Herzegovina. Material-BAN707-709, three A1; BAN710-712, three P4; BAN713-715, three M1; BAN716, an M3 (Table 9 ; Fig. 9 ).
Description-The outline of the occlusal surface of the A1 is subelliptical. It consists mainly of one large cusp, which lies in the anterolabial corner. A ridge extends from the tip of the main cusp to the posterolingual side, bending more to the end. Another ridge connects the tip of the main cusp to the lingual side. There is a well-developed cingulum on the labial and posterior side. The lingual side is partly damaged; there is no clear cingulum distinguishable on that side.
The outline of the occlusal surface of the P4 is subtriangular. The paracone is the tallest and main cusp of the P4. The parastyle is damaged in all specimens. The posterocrista connects the top of the paracone to the posterolabial corner of the P4. The protocone is elevated and lies lingual to the tip of the paracone. The hypocone is not clearly distinguishable. A broad posterior cingulum extends from the protocone to the posterolingual corner of the premolar, bordering a deep basin.
The outline of the occlusal surface of the M1 is subquadrate. The breadth is somewhat greater than the length. The metacone and paracone are both tall cusps, but the metacone is somewhat larger and taller than the paracone. The posterior arm of the paracone is longer than its anterior arm. The mesostyle is undivided. The posterior arm of the paracone is slightly longer than its anterior arm. The protocone is pronounced, but clearly lower than the paracone. Its anterior arm ends at the base of the paracone. The posterior arm of the protocone extends towards the metacone but bends in front of the base of the metacone in the direction of the hypocone. The hypocone is conical, and is lower than the protocone. The posterior arm of the hypocone continues into a posterior ridge that ends at the posterior arm of the metacone.
The outline of the occlusal surface of the M3 is subtriangular. The posterior lingual corner is rounded. The paracone is somewhat higher than the protocone. The anterior arm of the protocone ends at the base of the paracone; its posterior arm ends in the trigon basin. The anterior arm of the paracone is longer than its posterior arm. The mesostyle is undivided. The metacone is part of a posterior ridge that connects the mesostyle to the posterolingual side of the molar.
Discussion-The material consists of (fragmentary) isolated upper molars only. Allocation of this material to a particular genus is not possible because mandible characteristics are important in the classification of the Heterosoricidae (Engesser, 1975) . Moreover, Ziegler (2009) emphasizes that younger species of Quercysorex and species of Dinosorex are not distinguishable when the lower incisor Whereas rodents have been widely used for biostratigraphic purposes, insectivores are considered less suitable as biostratigraphic markers due to their longevity (Engesser and Ziegler, 1996) . Thus, a biostratigraphic correlation of the assemblage of Banovi ci based on the findings of the insectivore assemblage is not precise. Comparison with the European insectivore record is more solid than comparison with the Anatolian record, because the European record is better known. In contrast, only two late Oligocene and eight early Miocene insectivore assemblages are known from Anatolia, which hampers correlation.
At the genus level, the Banovi ci marsupial and insectivores are a mix of genera known from the European late Oligocene-earliest Miocene (MP29-MN3) and Anatolian latest Oligocene-early Miocene (»MP30-MN3). The marsupial Amphiperatherium is common in European faunas until the middle Miocene and is not known from Anatolian faunas. Oligosorex is present in the European as well as in the Anatolian late Oligocene-early Miocene assemblages (Fig. 10) , indicating wide distribution. Geotrypus occurs earlier in Europe than in Anatolia, and Desmanodon occurs earlier in Anatolia. The erinaceine Suleimania is only known from Anatolia. Considering the probable presence of Srinitium and Crosidosorex as well, a similarity to European assemblages is more prominent. This is in contrast to the rodents, which were interpreted as being more similar to the Anatolian assemblages (De Bruijn et al., 2013) .
Because of the low quantity and poor preservation of the fossils, identification to species level is, in most cases, uncertain. The marsupial Amphiperatherium exile is known from European late Oligocene assemblages, and the talpids Suleimania ruemkae and Desmanodon ziegleri are known from the latest Oligocene until the early Miocene of Anatolia. The absence of certain insectivores, such as Galerix and the dimylids, is best explained by the small sample size of the insectivores in the Banovi ci assemblage, although it is possible that this absence is related to the period until the end of MN2, when these taxa were not present in European assemblages (Van den Hoek Ostende, 2001c; Ziegler, 2005) .
This assemblage contains a mix of genera known from the late Oligocene-early Miocene of Europe (MP29-MN3) and Anatolia (»MP30-MN3). This age is thus not as precise as the correlation of the Banovi ci rodent assemblage to top MP30/base MN1 (De Bruijn et al., 2013) . The magnetostratigraphic dating of a lateral equivalent of the fossil-bearing level in an adjacent quarry indicates an age of 24 Ma (De Leeuw et al., 2011) , which supports the correlation to MP30. FIGURE 10. Stratigraphic ranges of the marsupial and four insectivore genera recognized in Banovi ci, which are known from Europe and Anatolia. The stratigraphic ranges are relative to the European MP/MN scheme and the preliminary Anatolian zonation (Schmidt-Kittler et al., 1987; De Bruijn et al., 1992; Werner, 1994; Theocharopoulos, 2000; Fortelius, 2003; Koufos, 2003; Reumer and Wessels, 2003; € Unay et al., 2003a € Unay et al., , 2003b .
Van der Sar et al.-Oligocene mammals from Bosnia and Herzegovina (e1368529-13) Biogeography Correlation of the Anatolian mammal assemblages with the European ages remains difficult due to a lack of data from the area between Anatolia and central Europe. The small-mammal fauna of Banovi ci provides data from an area where Oligoceneearly Miocene small mammals are hardly known and can therefore help to interpret faunal similarities between Europe and Anatolia during this time slice. Furthermore, there is little known about insectivores from the (late) Oligocene of Anatolia, because there are almost no assemblages from that time period. Lack of data on insectivores and marsupials in the Dinaride region hampers a straightforward interpretation of the origin and migrations of these small mammals during the late Oligocene.
The dimylid-like talpid Suleimania has thus far never been found outside of the early Miocene localities of Anatolia. It is plausible that Suleimania was an Asian immigrant, as proposed by Van den Hoek Ostende (2001c) , that migrated via Anatolia to Bosnia and Herzegovina during the late Oligocene.
In Europe, the talpid Desmanodon had its first occurrence in Spain (Navarette del Rio, MN2b; Van den Hoek Ostende, 1997 . In Anatolia, the oldest occurrence of Desmanodon is from the latest Oligocene (Kargı1; Van den Hoek Ostende, 1997), indicating a large area of distribution in the latest Oligocene.
The genera Geotrypus and Oligosorex all occur in the late Oligocene in Anatolia as well as in Europe (Engesser, 1975; Brunet et al., 1981; Fig. 10 ). The first two genera are already present in Europe during MP28, and the presence of these genera in the Banovi ci assemblage supports the proposal of Van den Hoek Ostende (2001c) that these insectivores migrated from western Europe into Anatolia via the Dinaride region during the late Oligocene.
Paleoecology Based on Insectivores from Banovi ci
The Talpidae (n D 74; »58%) dominate the Banovi ci insectivore assemblage (n D 128) in number of specimens, followed by the Soricidae (n D 40; »31%). The Talpidae are represented by three genera and the Soricidae also by three (of which one is a well-identified genus). The Heterosoricidae are rare (n D 13; »10%), and the Erinaceidae with only one specimen are even more rare.
Insectivores are opportunistic feeders living on a wide range of small invertebrates, which are especially numerous in the topsoil of forests. The importance of the presence of those invertebrates for insectivores can be inferred from the foraging habits of present-day shrews and moles. Because litter decomposers (e.g., worms, wood lice, centipedes, and insects) are an important food source for insectivores, a larger diversity of insectivores is expected in wooded areas than in grasslands ( Van den Hoek Ostende, 2001c) . Reumer (1995) studied the evolution of shrews and found that humid paleoclimates stimulated the evolution of shrews. This agrees with the current maximum in shrew diversity in the wet tropics of Africa. Additionally, Van den Hoek Ostende (2001c) concluded that the early Miocene insectivores of Anatolia had a higher diversity in humid environments than in the more open, arid environments. Furi o et al. (2011) studied the nestedness of the insectivore faunas in western Europe along a latitudinal gradient and concluded that the diversity of insectivores was higher in the northern more humid regions than in the southern dryer regions.
Considering these assumptions and the relatively high diversity of Soricidae (40 specimens representing four species) in the Banovi ci assemblage, the climate conditions in the Banovi ci region were probably humid at the time. The diversity of Talpidae was also relatively high (74 specimens representing four species), which likewise indicates humid conditions in the Banovi ci region.
The ecological preferences of some fossil insectivores can be inferred from the way of life of their present-day relatives; however, several of the Banovi ci insectivore species are members of extinct families, or subfamilies, such as the Heterosoricidae and the Crocidosoricinae. The extant erinaceines inhabit diverse habitats; some erinaceines inhabit very dry environments such as the desert, whereas others prefer more humid conditions in forests (Ziegler, 2005) . However, ecological preferences can be deduced from other sources such as depositional environment and skeletal structure of fossil relatives. Doukas (1986) assumed that Heterosorex ruemkae, found in the lignite mine of Aliveri, was a forest dweller, based on the sedimentary facies of the locality and on the high percentage of forest dwellers in the small-mammal fauna. The majority of the faunas of Anatolia, in which Dinosorex has been found, were also recovered from beds between lignites (Van den Hoek Ostende, 2001c). Lusorex taishanensis Storch and Qiu, 2004 , is so far the only heterosoricid for which a postcranial skeleton is known. Segments of the hind limbs appear to suggest fossorial habits, which indicates the need for soft and rather humid soils. Heterosoricidae are therefore considered to have lived in humid conditions (Storch and Qiu, 2004) .
The way of life of fossil moles can mainly be detected by the morphology of the humerus. Talpa, the only extant talpid burrower, spends most of its life underground and needs soils with a constant degree of humidity where the tunnels do not collapse. Talpa digs tunnels, making use of its overdeveloped forelimbs with stout humeri. Because other burrowers (e.g., Geotrypus and Proscapanus) have similar morphological adaptions as those of Talpa, a similar burrowing style, and thus a similar need for moist environments is expected for these burrowers (Furi o et al., 2011) . Moles with a slender humerus are considered to have been non-fossorial (e.g., Desmaninae, Myxomygale; Van den Hoek Ostende, 2001c). Thus, the discovery of Geotrypus sp. in the Banovi ci assemblage indicates a moist environment for the Banovi ci region.
The morphology of the humerus of Desmanodon indicates a fossorial lifestyle, but not so strongly adapted to digging as Talpa or Proscapanus (Engesser, 1980; Prieto, 2010) . Van den Hoek Ostende (1997 , 2001c states that the humerus of Desmanodon resembles the humerus of the extant mole Scapanulus. Schwermann and Thompson (2014) state that Scapanulus is clearly not strongly fossorial based on the relatively elongated humerus and other manus characteristics.
The diversity of Crocidosoricinae in Europe decreased considerably after MN4, which was partly related to a pronounced decrease in humidity around the MN4/MN5 transition, but mostly to the drop in temperature in MN5 (Reumer, 1994) . The surviving Crocidosoricinae are mainly found in southern regions, which leads to the assumption that Crocidosoricinae were warmth-loving shrews adapted to the warm climates of the early Miocene of Europe (Reumer, 1994; Van den Hoek Ostende, 2001c) .
Combining the data, the Banovi ci insectivores indicate the presence of a humid and warm environment with moist soils and nearby dryer areas.
CONCLUSIONS
Despite the relatively small sample size, the diversity of the insectivore and marsupial assemblage from Banovi ci is quite high, with nine genera in four insectivore families and one marsupial. The composition of the insectivore assemblage is a mix of European as well as Anatolian genera, whereas the only marsupial species is only known from Europe. Biostratigraphic interpretation based on the insectivores and marsupials is uncertain due to their longevity. Correlation to a late Oligocene-early Van der Sar et al.-Oligocene mammals from Bosnia and Herzegovina (e1368529-14) Miocene time frame is most plausible, considering the presence of the talpids Suleimania aff. ruemkae and Desmanodon aff. ziegleri; this fits in the MP30/MN1 age assignment of the rodent assemblage.
Because of the high diversity of insectivores in the Banovi ci assemblage, we interpret that the Banovi ci Basin had a humid environment during the late Oligocene. This is supported by the presence of Geotrypus and the heterosoricid that exhibited a fossorial habitus or preferred humid environments.
